1. Introduction {#sec1}
===============

Teff (*Eragrostis tef*) is an indigenous crop from Ethiopia. Currently, the world population showed a great interest to consume food products of teff due to its many health benefits. Teff is gluten-free and protein-rich staple food from Ethiopia that has received great attention recently. Due to its high content of different nutrients, rapid cooking time, and versatile applications, it makes it an ideal "superfood" for consumers from East Africa [@bib1]. A very attractive nutritional profile of teff and gluten-free nature of the grain, making it a suitable substitute for wheat and other cereals in their food applications as well as foods for people with gluten intolerance or for people affected by celiac disease (Mekonnen M. Gebremariam, Zarnkow, & Becker, 2013; Mekonnen Melaku Gebremariam, Zarnkow, &Becker, 2014b). Teff is not only gluten-free but also naturally has higher content micronutrients such as calcium, iron, and fiber which make it a very good alternative in gluten-free products [@bib2]. Because of its small size, teff is made into whole-grain flour (bran and germ included), due to this it has very high fiber content and useful to improve the hemoglobin level in the human body and helps to prevent malaria, the incidence of anemia and diabetes [@bib3].

Teff grain flour is widely used in Ethiopia for making injera (staples for the majority of Ethiopian people) which is a fermented, pancake-like, soft, sour, circular flatbread), sweet unleavened bread, local beer (called Tella), porridges [@bib4]. In addition, teff is the second most important cash crop next to coffee, which generates about 500 million USD per year for local farmers in Ethiopia [@bib5]. This makes it an attractive export commodity to many European countries, the Middle East and North America. It is largely consumed crop, especially in urban and semi-urban Ethiopia with a national per capita consumption of 25.9 kg [@bib6].

Unlike others, a grain of teff is not affected by insect pests as the result there is no direct application of pesticide during storage. According to [@bib7], a small grain such as millet or fonio and teff are tolerant crop to many extreme environmental conditions including water-logging and resistant to storage pests such as insects. Nevertheless, previous studies indicate that different pesticide residues have been detected, mainly organochlorines and some pyrethroids due to environmental contamination from previous applications in the field [@bib8]. Previous studies also indicate that environmental contamination due to persistent organochlorine pesticides is a major source of food contamination including drinking water sources \[[@bib8], [@bib9], [@bib10], [@bib11]\]. This makes foods and beverages to be unsafe for human consumption which eventually pose a health threat to consumers in the long term [@bib12].

Food safety is a worldwide growing concern on account of its direct relation to human health where the major threats are arising from a wide application of harmful pesticides to control different pests. Therefore, it is important for consumers to know the different possibilities and steps on how to reduce pesticide intake together with their food. Food processing is the action of changing the food to a more edible form before the food is used for consumption. The household, as well as industrial food processing, can influence the level of the pesticide present in the raw agricultural commodity after it is harvested [@bib13]. Different kinds of literature revealed that food processing such as baking, cooking, roasting, and others may reduce pesticide residue from raw food crops \[[@bib14], [@bib15]\]. In most of the cases, pesticide residue analyses are undertaken on raw agricultural crops such as cereals, vegetables, and fruits, animal products \[[@bib8], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20]\]. However, to estimate consumer exposure to pesticides, it is important to investigate the pesticide residues at the point of consumption, mainly after food processing \[[@bib21], [@bib22]\]. Also, reports indicate that different household and industrial food processing\'s (such as washing with water, peeling of fruits and vegetables, cooking and baking) may reduce the pesticide residue in food to the acceptable level.

Nowadays, the recognition of teff as a gluten-free food item has spurred global research interest by nutritionists and food scientists. Consequently, the number of studies on the nutritional composition of teff and its health benefits is increasing \[[@bib3], [@bib5], [@bib7], [@bib23]\] The application of pesticides for the production of teff is not common in Ethiopia; however, the grain may be contaminated from the previous applications through different routes of the environment. Recent studies done in southwestern Ethiopia detected cypermethrin, permethrin, deltamethrin, chlorpyrifos ethyl, and DDT and its metabolites in teff grains [@bib8] which may be from environmental contamination. This reduces the global interest of importing teff from Ethiopia unless some mechanisms are proposed to reduce the presence of such contaminants. On top of that, consumers will be exposed to harmful chemicals while consuming teff products. Pesticide residues, which were present to a variable extent in the food commodities after harvesting is beyond the control of consumers. Hence, a pragmatic solution should be developed to tackle the problem of pesticide residues in teff where food processing could be one of the important solutions to reduce pesticide residues in different food items \[[@bib13], [@bib15], [@bib24], [@bib25], [@bib26]\]. Therefore, the main purpose of the present study is to investigate the effect of household processing (doughing and baking) on the pesticide residues in teff as a means of risk reduction to consumers.

2. Materials and methods {#sec2}
========================

2.1. Chemicals and reagents {#sec2.1}
---------------------------

Analytical grade acetonitrile (99.9% purity) was supplied by VWZ prolabo (UN1648, 00163 made in EC), high performance liquid chromatography grade n-hexane (98% purity) and acetone (98.9% purity) obtained from ALLthec company in Germany Thermo Fisher Scientific (Austin, TX, USA) supplied MgSO~4~ (98% purity), NaAc (99% purity), 50 mL centrifuge tube, 15 mL dispersive solid-phase extraction cleanup tube packed with Primary Secondary amine (PSA: 99% purity), Magnesium Sulphate (MgSO~4~: 98% purity) and Octadecyl (C18: 99% purity). The pesticides standards were obtained from Supelco (USA) and delivered by Sigma-Aldrich logistic analytical Gmbh company in Germany [@bib8]. Pesticides studied with their purity and their physicochemical properties are shown as supplementary material.

2.2. Sampling of teff flour {#sec2.2}
---------------------------

A composite sample of 5 kg teff flour was bought from five shops (1 kg from each) local market in Jimma zone, southwestern Ethiopia. The samples were packed in polyethylene plastic bags, sealed and labeled properly. The samples were transported to the laboratory and stored at -20 °C until extraction was undertaken.

2.3. Treatment of the raw teff flour with pesticides understudy {#sec2.3}
---------------------------------------------------------------

A 5 g teff flour for each household processing method (doughing and backing) was spiked with eight pesticides including metabolites (DDT and its metabolites, cypermethrin, deltamethrin, permethrin, and chlorpyrifos ethyl), in three replicates to increase the reliability of results. The teff flour was stayed for 24 hours to increase the contact time between the pesticides and the matrix (teff flour). After one day the extraction, clean up and the processing methods were followed as stated below.

2.4. Extraction and cleanup of the samples {#sec2.4}
------------------------------------------

For the household processing of teff flour, we adopted the valid method for pesticide residue analysis in teff from a study done in Ethiopia by [@bib8]. The limit of detection (LOD) for each pesticides in teff from the previous study were Chlorpyrifos ethyl (0.009 mg/kg), cypermethrin (0.062 mg/kg), permethrin (0.063 mg/kg), deltamethrin (0.015 mg/kg), p\'p-DDE 0.016 mg/kg), p\'p-DDD (0.023 mg/kg), o\'p-DDT (0.036 mg/kg) and p\'p-DDT (0.030 mg/kg) according to a study done in southwest, Ethiopia [@bib8]. The quantitative determination of the pesticide residue in processed and unprocessed teff flour was done based on the external standard method. The calibration curves were obtained by injecting five different concentrations of the studied pesticide standards in a range of 0.005--1 mg/L. The coefficient of determination (R^2^) was \>0.995 for all the pesticides under study indicated the acceptable linearity according to European document number Sanco [@bib27]. Detection and quantification of the pesticides were done based on the retention time and peak area, respectively. The subsequent processing steps of the teff flour were done to correspond as close as possible to the actual traditional household teff processing in Ethiopia. Blank teff flour (non-spiked) was also analyzed together with the raw and processed teff. Blank teff flour (non-spiked) was analyzed by the same procedure as a control sample. The extraction and cleanup procedures were as follows.

### 2.4.1. Raw teff flour {#sec2.4.1}

A 50 g of teff flour was weighed on the analytical balance and spiked with 40 μl of 100 mg/L of each pesticide under study. After waiting for one day, the samples were extracted by the following procedures. A 10 mL of deionized water and 15 mL of acetonitrile was added and the sample was shaken for 30 seconds. Then 6 g MgSO~4~/1.5g NaAc was added and again shaken for 5min to prevent the formation of agglomerates with water. Then, the samples were centrifuged at 1957 *g* for 5 min. Then the upper organic layer was taken for cleanup to 15 mL dispersive solid-phase extraction tube (d-SPE) containing 300 mg PSA, 900 mg MgSO~4~ and 150 mg C18 and then shaken for 30 seconds and centrifuged. After centrifugation, 4 mL of the upper layer was transferred to 100 mL flat bottom flask and evaporated to dryness using a Rotary evaporator (N18673 Rotavapor; Buchi) at a temperature of 40 °C. The extract was reconstituted with 2 mL n-hexane/acetone (9:1 v/v) for a solvent exchange to make the sample more amenable for GC-ECD analysis. The blank teff flour was also extracted in a similar way together with the spiked teff samples. Then the extract was transferred to a vial for GC-ECD analysis [@bib8]. The three replicate of each spiked samples of specific pesticides is separated by injecting n-hexane the extraction solvent to avoid cross-contamination.

### 2.4.2. Preparation of teff flour to dough and injera {#sec2.4.2}

For the treatment, 50 g teff flour was weighed on the analytical balance and then spiked with 400 μl of 100 mg/L of each pesticide understudy and stayed for one day. Depending on the need of the Ethiopian people, the dough was prepared for one, two and three-day fermentation and then final consumable injera was backed.

#### 2.4.2.1. Dough preparation (one, two and three-day fermentation) {#sec2.4.2.1}

After waiting for 24 hours interaction of the pesticides spiked with matrix (50 g teff flour was taken), the teff flour was combined with 100 mL of water (equivalent to 100 g) and 0.5 g instant yeast to facilitate the fermentation process and a total of 150.5 g mixed thoroughly using wooden spoon until the coagulant disappears throughout the dough and to verify homogeneity. Then the prepared dough stayed for 24 (one day), 48 (two days) and 72 hours (three days) fermentations. Then 15 g of the dough was weighed on analytical balance using a 50 mL centrifuge tube and shake well by hand to keep the homogenous distribution of the pesticides spiked previously. Then the extraction and cleanup of the samples were done in a similar procedure with the raw teff flour and the concentration in the dough before baking injera was determined.

#### 2.4.2.2. Backing injera {#sec2.4.2.2}

From each fermentation days, the remaining dough was used for baking injera. First, the dough was mixed thoroughly. Before backing, the pan was heated on the stove until it gets warmed followed by baking injera (traditional flatbread) resembling the traditional injera in Ethiopia. The pan was covered with a lid to protect injera from contamination and to control the loss of heat which is important to cook the baked injera. After waiting for 1 minute the injera was taken out and put on the flat plate until it gets cooled. The whole injera was ground and homogenized with a grinder (Fritel Quality grinder OZX48-6 cups). Then from the homogenous injera sample, 10 g of each was taken for analysis. The extraction and cleanup of the samples were done in a similar procedure with the raw teff flour. The remaining concentration of the studied pesticides after fermentation for the dough was determined in the injera.

2.5. Determination of processing factor (PF) {#sec2.5}
--------------------------------------------

The effect of household processing on the level of pesticides often correlates with the physicochemical properties of the pesticides under study. To investigate whether the processing methods able to modify the properties of the pesticides and lead to reduce or concentrate their residue in one specific matrix, proper monitoring of the processing factor is important. The PF for all transformation steps was calculated by the ratio between the pesticide concentrations in the processed commodity (mg/kg) to the pesticide concentration in the raw commodity (mg/kg). According to [@bib28], a PF less than one indicates that there is a reduction of pesticides by the processing method (PF \< 1: reduction factor), while PF \> 1 indicates the concentration factor. The processing factor is the proportional amount by which the residues change when food is processed. For this study PF was calculated by the formula below:$$\text{Processing}\ \text{factor}\ {(\text{PF})} = \frac{\text{Concentration}\ \text{of}\ \text{pesticides}\ \text{in}\ \text{processed}\ \text{teff}\ \text{grain}\ {(\text{mg}/\text{kg})}}{\text{Concentration}\ \text{of}\ \text{pesticides}\ \text{in}\ \text{raw}\ \text{teff}\ \text{grain}\ {(\text{mg}/\text{kg})}}$$

2.6. Analytical equipment {#sec2.6}
-------------------------

Quantitative determination and chromatographic separation of each pesticide were done by gas-chromatography with an electron capture detector (GC-ECD, Agilent Technologies 6890N) with an autosampler. Doughing and baking were undertaken on teff flour to see the effect of household processing on the pesticide residues previously detected in Ethiopian teff grain [@bib8]. The chromatographic condition for the analysis of the pesticides was as follows: A HP-5 capillary column of 30 m × 0.25 mm i.d. x 0.25 μm film thickness was coated with 5% Phenyl Methyl siloxane (Model number Agilent 19091J-433) was used. The carrier gas was Helium (99.999%) purity at a flow rate of 0.9 mL/min. The oven temperature was maintained initially at 130 °C (1min), a rate of 30 °C min^-1^ to 280 °C (16min) and a rate of 50 °C min^-1^ to 325 °C (3min) and hold time was 22min. An aliquot of 1μl injected in split mode (Split ratio: 50:1) at an injection temperature of 280 °C. The pesticide residues were detected with Electron Capture Detector (ECD) operated at a temperature of 300 °C with a constant flow of nitrogen as makeup gas (60 mL/min)" [@bib8]. For the detection of pesticides, each sample was injected in triplicate in the GC and the concentration of each pesticide was calculated from the average of the three analyses.

2.7. Statistical analysis {#sec2.7}
-------------------------

All the treatments of the processing methods (doughing and baking) were done in three replicates. Statistical significance was checked using the non-parametric Kruskal-Wallis test to see if there is a significant difference in pesticide residues between the processing methods (raw teff flour, doughing and baking) where each processing had triplicate values and also to check the difference between pesticides under study. Kruskal-Wallis test is applied when there are small data sets and the data is not normally distributed [@bib29]. Since our data sets had few data points Kruskal-Wallis is an appropriate and robust statistical test. The differences at p-value \< 0.05 were considered as significant.

3. Results and discussion {#sec3}
=========================

3.1. Effect of fermentation on pesticide residues during dough preparation {#sec3.1}
--------------------------------------------------------------------------

Before baking injera for final consumption the teff flour is mixed with water in the presence of yeast and fermented for one, two or three days based on the need of the people and commonly used in Ethiopian tradition. As indicated in [Fig. 1](#fig1){ref-type="fig"} the fermentation process or the household dough processing has a great effect on the level of the studied pesticides. Kruskal-Wallis test indicated that there is a significant difference in concentration of the pesticides among the days of fermentation (p-value = 0.012) compared with non-fermented teff dough. There is a significant difference between day one and day three fermentation (p-value = 0.0056). From the box-whiskers plot, there is a decrement of the pesticide residues from raw teff flour (zero fermentation) to three days of fermentation. This indicated that fermentation during dough preparation has a significant effect to decrease the pesticide residues which is important from consumer\'s health point of view. Even though there is a difference in the reduction of the concentration of pesticides during fermentation, there is no statistically significant (p-value = 0.488) difference between pesticides under study. This indicates that household processing has a more or less similar effect on the reduction of the concentration of studied pesticides. Different studies also indicate that fermentation is a process that leads to a large reduction in pesticide residues from the original amount [@bib30]. Sharma et al. ([@bib31] also report that fermentation facilitates the reduction of pesticides in food products.Fig. 1Effect of fermentation on pesticide residue in teff during the household dough processing. CI = Confidence Interval, SE = Standard Error.Fig. 1

3.2. The influence of the two household teff flour processing (doughing and baking) on pesticide residues {#sec3.2}
---------------------------------------------------------------------------------------------------------

[Fig. 2](#fig2){ref-type="fig"}. Presents the effect of doughing and baking on pesticide residues in teff. The preparation of dough decreases the pesticide residues in teff in the range of 59.9--86.4%, while baking decreases the pesticide residues in the range of 63.2--90.2%. This indicates that household processing has an effect on the reduction of the level of pesticides in teff and which will be helpful for consumers\' safety. From the finding of the present study, the baking process decreases the residues in particular chlorpyrifos ethyl up to 90.2%. Kruskal−Wallis analysis also indicates that the reduction of pesticide residues by baking is significantly different from doughing (p-value \< 0.0001). This indicates that baking of injera is the most effective to decrease the residues of the pesticides. This may be due to the application of heat during the baking process. According to [@bib32], baking decreases the residue of chlorpyrifos up to 98% in winter squash and up to 70% in sweet potato. The preparation of dough and baking has a lower removal effect on p,p'-DDT (major isomer). The residue of p,p'-DDT reduced only up to 59.9% and 63.3% during doughing and baking, respectively. This may be due to p,p-DDT is highly resistant to thermal treatment as well as degradation by fermenting bacteria. The cumulative effect of these household processing methods (doughing and backing) is important to reduce consumers\' exposure to pesticides in teff grain.Fig. 2The average concentration of pesticides in raw and processed teff flour (n = 12), Error bar indicates standard deviation.Fig. 2

3.3. Processing factor {#sec3.3}
----------------------

From the findings of the present study, the processing factors for both doughing and baking were less than one, for all the pesticides under study ([Table 1](#tbl1){ref-type="table"}). This indicates that there is a reduction of the pesticide residue due to the household processing of the teff flour and the result is supported by other studies \[[@bib13], [@bib33], [@bib34]\].Table 1The processing factor for dough preparation and baking teff injera from the raw teff flour (n = 12).Table 1PesticideConcentration in raw teff flour (mg/kg)PF doughingPF bakingChlorpyrifos ethyl0.7930.1360.098Permethrin0.7930.1290.099Cypermethrin0.7930.1940.120Deltamethrin0.7930.2670.154p,p'-DDE0.3850.1300.142p,p'-DDD0.6570.0920.112o,p'-DDT0.6120.2270.214p,p'-DDT0.5510.4010.367[^1]

From [Table 2](#tbl2){ref-type="table"} the present study shows us a better reduction of the pesticide residues from teff grain compared to some other studies. Our study results show fermentation has a better reduction of pesticide residues compared to the reduction of pyrethroid bifenthrin in wheat [@bib35]. This may be due to the variation in the fermentation process and may be due to the behavior of pesticide in different matrixes. From the present study, there is a 90.2% reduction of chlorpyrifos ethyl during the baking process. This may be due to the application of heat in the baking process and the volatile properties of chlorpyrifos [@bib13]. While washing of wheat and maize reduce chlorpyrifos up to 100%. This may be due to the varying composition and properties of food commodities as well as the difference in the chemical properties of pesticides. The rate at which pesticides are dissipated from the different food commodities is closely related to their physicochemical properties and the su [@bib39] rounding environmental conditions [@bib33].Table 2Comparison of the present study with some studies undertaken on the effect of processing on the level of pesticides (decimal values are rounded).Table 2Food commodityPesticidesProcessingPesticide residue reduction (%)ReferenceWheatBifenthrinFermentation19--63[@bib35]Sterilization17--18WheatChlorpyrifos, Endosulfan α, and β, DeltamethrinStorage60--72[@bib13]WheatMalathionMilling to flour90[@bib36]Soya beanCaptainOzone treatment12[@bib37]Rice and maizeChlorpyrifosWashing59--100[@bib38]TeffPermethrin, Cypermethrin, Deltamethrin, Chlorpyrifos ethyl, p,p\'-DDE, p,p\'-DDD, o,p\'-DDT, and p,p\'-DDTDoughing60--86The present studyBaking63--90

In general, to avoid food safety issues related to pesticides, organic farming is being propagated in the world. However, organic farming is not well-practiced in most developing countries for several reasons, such as the increasing population size, the effect of pests may decrease agricultural production, low awareness of the pesticide users on organic practices and wrong perception of pesticide users particularly farmers. Most farmers in Ethiopia considering pesticides are the best option to increase agricultural production. In addition to this, there are critics that organic farming use more land compared to conventional agriculture [@bib40]. Therefore, it is still important to look for other solutions to tackle food safety problems related to pesticide residues in agricultural crops.

One advantage for consumers is that food processing minimizes pesticide residues in food which had been shown in this work. Food processing such as washing, peeling, cooking, blanching, and baking can decrease pesticide residue in food [@bib41]. As a result, food processing at household and industrial can reduce the exposure of consumers to pesticides [@bib14].

In the present study, household processing of teff flour reduces pesticide residues from the raw commodity including the high thermal resistant DDT and its metabolites, particularly during the baking process. The PFs for both household processing methods (doughing and baking) were found to be less than one, which is an indication of a reduction of pesticide residues compared to the raw teff grain. The percent reduction varies from processing to processing. As indicated in table one the physicochemical properties of pesticides are different and which may have an effect on the level of reduction during household processing. The effects of food processing are influenced by the physicochemical properties of pesticides such as the solubility, thermal degradation, octanol-water partition coefficient (KOW) and volatility \[[@bib14], [@bib42], [@bib43]\].

4. Conclusions {#sec4}
==============

Pesticides are one of the major chemical hazards that contaminate food items. Different scientific investigations are important to reduce pesticide residues among different food items to safeguard consumers\' safety. **Our study has indicated the importance of household food processing of teff flour in reducing pesticide residue where effective reduction is registered. Among the two household processing methods, baking is the most effective to reduce the residues than fermentation. Based on the PF value, the household processing methods (doughing and baking) were the cause of residue reduction.** Such reduction is important in evaluating the risks associated with the ingestion of pesticides, specifically from the consumption of teff grain. The household processing of teff has a paramount effect on the reduction of pesticide residues as well as consumers' exposure and this initiates to work on the effect of different household processing methods on other cereals and pesticides.
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[^1]: PF = Processing factor.
